Abstract-The pilot phase of the Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial (INTERACT) showed that rapid blood pressure (BP) lowering can attenuate hematoma growth in acute intracerebral hemorrhage. We sought to define the systolic BP level associated with greatest attenuation of hematoma growth. INTERACT included 404 patients with computed tomographic-confirmed intracerebral hemorrhage, elevated systolic BP (150 to 220 mm Hg), and capacity to commence BP lowering treatment within 6 hours of onset. Computed tomography was done at baseline and at 24 hours using standardized techniques, with digital images analyzed centrally, blinded to clinical data. Associations of baseline and achieved on-treatment (mean during the first 24 hours) systolic BP levels with the primary outcome of increase in hematoma volume were explored. There were 346 patients with duplicate computed tomographic scans. There was no significant association between baseline systolic BP levels and either the absolute or proportional growth in hematoma volume (P trendϭ0.26 and 0.12, respectively). By contrast, achieved on-treatment systolic BP levels in the first 24 hours were clearly associated with both absolute and proportional hematoma growth (both P trendϭ0.03). Maximum reduction in hematoma growth occurred in the one third of participants with the lowest on-treatment systolic BP levels (median: 135 mm Hg 
A cute intracerebral hemorrhage (ICH) is estimated to affect Ͼ1 million people worldwide each year, 1 many of whom either die or are left seriously disabled. 1, 2 Early elevation of blood pressure (BP) is very common after ICH, 3 with a number of observational studies showing strong associations of increasing levels of BP at presentation, with hematoma growth 4, 5 and subsequent poor outcome. 6, 7 The Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial (INTERACT) pilot phase was a randomized, controlled trial, which demonstrated that early intensive BP lowering was clinically feasible, well tolerated, and reduced hematoma growth in patients treated within 6 hours after the onset of ICH. 8, 9 The aims of this report are to determine the associations of baseline and achieved on-treatment systolic BP levels with hematoma growth and to define the BP target likely to provide maximum benefit in the acute phase of ICH.
aged Ն18 years with computed tomography (CT)-confirmed spontaneous ICH and elevated systolic BP (Ն2 measurements of 150 to 220 mm Hg recorded Ն2 minutes apart), with the capacity to commence randomly assigned BP lowering treatment within 6 hours of ICH in a suitably monitored environment. Exclusion criteria were as follows: (1) a clear indication for, or contraindication to, intensive BP lowering; (2) ICH secondary to a structural cerebral abnormality or the use of a thrombolytic agent for any disease; (3) an ischemic stroke within 30 days; (4) deep coma; (5) significant prestroke disability or medical illness; and (6) early planned neurosurgical intervention.
Treatment and Outcome Assessments
Patients were randomly assigned to receive either an early intensive BP lowering treatment strategy or the recommended best practice standard of BP lowering at that time based on the American Heart Association guidelines published in 1999. 11 For patients allocated to the intensive group, the goal was to achieve a systolic BP of 140 mm Hg within 1 hour of randomization and subsequently to maintain this target level for the next 7 days. In each country, a stepped intravenous protocol to lower BP was established before the start of the study on the basis of which drugs were available in that country. The lower limit of systolic BP needed for cessation of intravenous treatment was 130 mm Hg. For patients allocated to the guideline group, treatment was recommended to achieve a target systolic BP of Յ180 mm Hg.
BP levels were recorded in the nonparetic arm with the patient supine using an automated device with a standard cuff. Baseline BP was measured in duplicate with an interval of Ն2 minutes, and the mean of the 2 measurements was used. Likewise, achieved ontreatment BP was measured at 1, 6, 12, 18 and 24 hours after randomization, and the mean of these 5 measurements was calculated (the mean achieved BP). Groups of participants defined by tertiles of BP levels were used for the analyses of baseline BP and those of achieved BP.
Sites were required to perform CT scans on patients according to standardized techniques at baseline and at 24Ϯ3 hours after the initial CT. If the 24-hour CT was not done within the specified time period, this assessment was replaced by the first available scan after 27 hours or by the last available scan done between 6 and 21 hours. For each patient, uncompressed digital images were sought by the analysis laboratory in Digital Imaging and Communications in Medicine format identified only by the patient's unique study number. Hematoma volumes were calculated independently by 2 trained neurologists who were blind to clinical data, treatment, and date and sequence of scan, using computer-assisted multislice planimetric and voxel threshold techniques in MIStar version 3.2 (Apollo Medical Imaging Technology). Interreader reliability was tested by reanalysis of 10% of CT scans by both readers to avoid drift (intraclass correlation coefficient: 0.97 [95% CI: 0.95 to 0.98]). For the small number of CT scans received as digital images or plain films, hematoma volume was measured manually using the ABC/2 method. 12 The study protocol was approved by the ethics committee for each participating site. Written informed consent was obtained from each patient or their legal surrogate in situations where they were unable to do so. The procedures followed were in accordance with institutional guidelines for each participating site.
Statistical Analysis
The effects of BP on absolute and proportional changes in hematoma volumes over 24 hours and hematoma volume at 24 hours were assessed by an ANCOVA, with age, sex, hematoma location, baseline hematoma volume, time from ICH to CT, and study treatment included as covariates. The effects of achieved ontreatment systolic BP on absolute and relative increase in hematoma volume were also investigated using simple linear regression and multiple regression models. Relative changes in hematoma volumes were log-transformed to remove skewness after adding the value 1.1 to eliminate negative values. Hematoma volume was also logtransformed to remove skewness. All of the data were analyzed with SAS version 9.2 (SAS Institute).
Results
Of the 404 patients recruited, a total of 346 patients (85%) had baseline and 24-hour CT scans available for analyses. Patients with and without 2 CT scans had broadly similar baseline characteristics except for history of acute coronary events (2% with CT and 10% without CT; Pϭ0.002), median time from onset to randomization (3.6 Among the 58 patients without repeat CT, 2 were dead and 7 had neurosurgical intervention before the 24-hour CT. Table 1 shows the baseline characteristics of 346 patients with repeat CT scans according to tertiles of baseline and achieved on-treatment systolic BP levels. There were no clear differences in baseline characteristics across the tertile groups defined by baseline systolic BP. Conversely, patients with higher achieved systolic BP had higher baseline BP and National Institutes of Health Stroke Scale scores and lower baseline Glasgow Coma Scale scores and they were more likely to have intraventricular extension at admission and less likely to be assigned to receive early intensive BP lowering.
During Patients with higher baseline systolic BP were more likely to receive both intravenous (frusemide, urapidil, and phentolamine) and oral agents (calcium channel blocker, angiotensin-converting enzyme inhibitor, and ␤-blocker; all PϽ0.05). Achieved systolic BP was also associated with increased use of oral drugs (angiotensin-converting enzyme inhibitor and ␤-blocker, both Pϭ0.02), whereas there was slightly decreased use of several intravenous agents (labetalol and hydralazine) among patients with higher achieved BP (both PϽ0.05). Among 174 patients who received early intensive BP lowering, 78 (45%) and 118 (68%) achieved the target systolic BP of 140 mm Hg within 1 hour and 6 hours postrandomization, respectively. Higher percentages of target BP achievement were observed in patient groups with lower baseline and achieved systolic BP (both P trendϽ0.004).
Among 346 patents with repeat CT scans, 254 (63%) had their 24-hour CT within the prespecified time window; only 32 patients (9%) with non-Digital Imaging and Communications in Medicine format CT scans had their hematoma volumes analyzed using the ABC/2 method. For the 3 groups defined by tertiles of baseline systolic BP of Ͻ171, 171 to 190, and Ն191 mm Hg, the median values were 162, 180, and 201 mm Hg, respectively. Absolute growth in hematoma volume was not significantly associated with baseline systolic BP levels (Figure 1 ; P trendϭ0.26); neither was proportional growth in hematoma volume (Figure 2 ; P trendϭ0.12). For the 3 groups defined by tertiles of achieved on-treatment systolic BP of Ͻ144, 144 to 158, and Ն159 mm Hg, the median values were 135, 150, and 167 mm Hg, respectively. The association of absolute hematoma growth with achieved on-treatment systolic BP was strong and continuous in the range of achieved systolic BP levels of 135 to 167 mm Hg (Figure 1 ). These associations remained strong after controlling for age, sex, hematoma location, baseline hematoma volume, time from onset of ICH to CT, and study treatment (P trendϭ0.03). Similar associations were observed between achieved on-treatment systolic BP and proportional hematoma growth (Figure 2 ; P trendϭ0.03). Similar effects of baseline and achieved on-treatment systolic BP were observed for proportional increase in hematoma volume after excluding baseline hematoma volume from the multivariate model. There were no clear differences in the effects of baseline or achieved on-treatment BP on either absolute or proportional growth of hematoma obtained for patient groups defined by age (Ͻ65 versus Ն65 years), sex, randomized treatment allocation, location of hematoma (lobar versus other), method of CT analysis (multislice planimetric and voxel threshold techniques versus the ABC/2 method), and time of 24-hour CT (within versus beyond 3 hours; all P homogeneity Ͼ0.1). In contrast to systolic BP, neither baseline nor achieved on-treatment diastolic BP was significantly associated with absolute and proportional hematoma growth (all P trend Ͼ0.2). Figure 3 also shows that there were significant associations of achieved systolic BP with absolute and proportional increase in hematoma volume (Pϭ0.01 and 0.04, respectively). Table 2 shows the results of multiple regression analysis, where achieved on-treatment systolic BP was positively associated with absolute and proportional increase in hematoma volume, but these associations did not reach standard levels of statistical significance (Pϭ0.06 and 0.13 for absolute and proportional increase, respectively).
Achieved on-treatment systolic BP was associated with hematoma volume at 24 hours as well, being 9.5 (95% CI: 8.6 to 10.5), 10.1 (95% CI: 9.1 to 11.3), and 11.3 (95% CI: 10.3 to 12.5) ml for the 3 groups defined by tertiles of achieved on-treatment systolic BP after controlling for age, sex, hematoma location, baseline hematoma volume, time from onset of ICH to CT scan, and study treatment (P trendϭ0.004).
Discussion
The main results from the pilot phase of INTERACT showed that early intensive BP lowering reduced hematoma growth in patients treated within 6 hours after the onset of ICH, 8 although the effect just missed statistical significance when adjustments were made for baseline imbalances between groups. The current analysis now demonstrates strong and continuous associations of achieved on-treatment systolic BP levels during the first 24 hours and measures of hematoma growth. Moreover, these data reveal that the maximum treatment effect was observed in patients who achieved the lowest systolic BP levels (median: 135 mm Hg). Because hematoma growth is a strong predictor of poor outcome in ICH, 13, 14 these analyses suggest that early intensive BP reduction to lower BP levels is likely to be maximally beneficial in patients with acute ICH. This agrees with the conclusion from a recent meta-regression analysis, which investigated the relationship between therapeutic BP reduction and clinical outcomes in this patient group. 15 Several observational studies have demonstrated strong and continuous associations between baseline BP levels and hematoma growth in acute ICH, 4,5 whereas others involving patients whose BP levels were assessed within just a few hours of ICH have not showed such clear associations. 14, 16 The present analyses of INTERACT provide some explanation for the discrepancy in these findings of previous reports: associations between baseline BP levels and hematoma growth were not statistically significant, whereas strong and continuous associations were observed between achieved on-treatment BP levels and hematoma growth at 24 hours. Potential beneficial effects of early BP lowering are, therefore, supported by achieved BP levels after the initiation of such treatment being stronger predictors of hematoma growth than baseline BP levels in acute ICH.
Existing guidelines for the management of acute ICH generally recommend treatment in patients with systolic BP levels of Ͼ160 mm Hg, but they also acknowledge uncertainty as to the most appropriate lower BP target. 17, 18 In a prospective observational study, a reduction of BP to a target of 160/90 mm Hg was associated with hematoma expansion of 9%, 19 which is lower than has been seen in other studies. 13, 16 Another prospective observational study, for example, demonstrated a lower risk of hematoma growth among patients treated with target systolic BP levels of 150 mm Hg compared with those treated with target systolic BP levels of Ն160 mm Hg. 20 These observational analyses of INTERACT are consistent with the hypothesis generated by such previous studies concerning the likely optimal BP target for prevention of hematoma growth: patients with acute ICH might have the lowest risk of hematoma growth if their systolic BP was reduced to 130 -140 mm Hg and have this level sustained for Ն24 hours.
Key strengths of INTERACT are the relatively large sample size of patients with early and rigorous evaluations made after acute ICH. However, the trial still had relatively limited power to define significant effects of achieved ontreatment systolic BP in each set of analyses. Moreover, because the present evaluation was restricted to those patients with repeat CT at 24 hours, who had better clinical status (lower National Institutes of Health Stroke Scale and higher Glasgow Coma Scale scores) at baseline, and who did not die or have surgical evacuation of the hematoma during the first 24 hours, the findings may not be applicable to patients with severe ICH. Although the relationship between achieved on-treatment BP and hematoma growth may have arisen from BP elevating effects of ongoing bleeding during the first 24 hours, the randomized evidence of beneficial effects of intensive BP lowering on hematoma growth in INTERACT 8, 9 supports the role of achieved on-treatment BP lowering being an important determinant of attenuation of hematoma growth.
Perspectives
The present data reaffirm hypotheses about potential beneficial effects of early intensive BP lowering treatment on the hematoma growth in ICH. They also support the idea that the maximum beneficial effects against hematoma growth and subsequent poor outcome in this condition are likely to be obtained in those patients who achieve the lowest BP levels during the first 24 hours after onset, particularly those who achieve on-treatment levels of systolic BP between 130 and 140 mm Hg. However, although these results may appear persuasive, they cannot be seen as definitive given that the data presented are observational and secondarily derived from a single study. Moreover, intensive BP reduction may lower cerebral perfusion pressure and induce ischemia in a zone of hypoperfused tissue surrounding the hematoma, 21 and there remains uncertainty over the clinical benefits to be derived from modest reduction in hematoma growth. Indeed, the Factor Seven for Acute Hemorrhagic Stroke Trial failed to show any improvement in survival or functional outcome resulting from a reduction in hematoma growth from early use of recombinant activated Factor VIIa, although this study was likely complicated by imbalances in baseline prognostic factors among randomized groups, comorbid effects of residual disability in older patients, thromboembolic adverse effects, and limited statistical power. 22 Therefore, we do not recommend an updating of present guidelines for the management of BP in acute stroke 23 but rather continuation of efforts to resolve this area of clinical equipoise, such as with the ongoing second (main phase) INTERACT2 study, which is powered to assess the effects of early BP lowering on substantive clinical end points in ICH. 24 
